A moving or flickering pattern may look quite different at threshold and at suprathreshold contrast levels. A near threshold pattern does not necessarily look like a fainter version of its suprathreshold counterpart. As stimulus contrast is slowly raised from zero the first impression can be one of a motionless spatial pattern, and not until the stimulus has an appreciably higher contrast is flicker or motion visible as well as pattern.1-3 In other cases it has been reported that there is no impression of pattern until stimulus contrast is somewhat higher than flicker threshold, though this second observation was not confirmed when a forced choice method was used4 rather than the method of adjustment.
It has been proposed that the existence of different contrast thresholds for pattern and for flicker perceptions reflect the operation of 2 neural mechanisms, one signalling the presence of a stationary pattern and the other signalling motion or flicker. [2] [3] [4] [5] [6] [7] In both kinetic and static clinical perimetry either of these mechanisms might detect the target. ThereCorrespondence to Dr Regan. than is conventional perimetry or visual acuity fore, if some visual disorder affected one mechanism while sparing the other, clinical perimetry might fail to detect the visual loss. A further point is that the balance between visual thresholds for pattern perception and flicker perception might be a more sensitive indicator of pathophysiology than is visual acuity or pattern vision alone. Exploring these ideas we measured the ratio of thresholds for pattern perception and for motion perception at 17 sites in the visual field using a single 2-cycle deg-' target that was counterphase modulated at 8 Hz (16 reversals s-'). It is known that before spatial vision is affected visual disorders can affect the temporal properties of the visual system' and upset the dynamic response coefficient (DRC) measure (defined as the mean of visual sensitivities to a grating and to a flickering homogeneous field9). Previous studies, however, used different stimuli to test spatial and temporal properties, and few explored the visual field outside the macular region. Here We calculated the ratio between pattern and flicker thresholds at 17 sites in the visual field for every individual studied. The statistical treatment of these data was as follows. First, we calculated the ratio of flicker threshold to pattern threshold at each of the 17 sites for each control eye. Then we averaged over all control eyes to obtain the mean ratio and its standard deviation at each of the 17 sites. An abnormal balance between pattern and flicker thresholds at any of the 17 sites was defined as a ratio that fell more than 2.5 standard deviations beyond the control mean. Only 1 in 100 control subjects would fall outside this limit (99% confidence).
The same measurements were carried out on a total of 10 patients with ocular hypertension (age range 45 to 69, mean 59 years), 6 patients with glaucoma (age range 40 to 65, mean 58 years), and 10 patients with definite multiple sclerosis (age range 21 to 52, mean 36 years). Ocular hypertensives all showed a pressure of 22 mmHg or greater measured by applanation tonometry on at least 2 occasions over a one-year period. All had normal fields on Goldmann perimetry and were normal on fundus examination. Normal limits for the ratio of flicker to pattern thresholds were established with 10 control subjects. Findings on patients were reconfirmed at subsequent visits.
Conventional visual fields were obtained on the Goldmann perimeter and/or the Octopus automatic perimeter, and were assessed 'blind' by an ophthalmologist. Snellen acuities for control subjects ranged from 6/4 5 to 6/6.
Results
Anecdotally it has long been known that pattern thresholds are higher than flicker thresholds in central vision for most control subjects while the reverse obtains in peripheral vision, but this observation had not previously been quantified. Fig. 1A plots mean pattern thresholds (continuous line) and flicker thresholds (broken line) versus eccentricity in the visual field for 10 control subjects. For 9 out of 10 of the control subjects pattern thresholds were higher than flicker thresholds from 0°eccentricity to about 150 after which the reverse applied.
In view of the strikingly clear difference between the 2 thresholds that is evident subjectively it may seem surprising that the difference in mean flicker In several patients sensitivity to flicker was reduced The same experimentalprocedure was used asfor the control while sensitivity to pattern was comparatively un-subjects ofFig. IA, but the data are quite different. affected. This could occur in part or in the whole of Goldmann and Octopusfields were normal. Normal limits the visual field. Fig. 2 gives one example for a male were set at the 99% significance level. Snellen acuity 616 in the patient aged 65 with ocular hypertension. His Snellen patient with ocular hypertension. acuity was 6/6. Vertical bars indicate where the In total, all 6 glaucoma patients, 6 out of 10 patients with multiple sclerosis, and 8 out of 10 patients with ocular hypertension had an abnormal balance between pattern and flicker thresholds at one or more points in the visual field. Fifteen of the eyes with these occult field defects, were normal to conventional perimetry.
Discussion
As mentioned above it has been proposed that the human visual pathway has somewhat separate mechanisms for pattern and flicker. Evidence for this idea has so far been gathered from normally sighted individuals. Our finding that the balance of visual sensitivities to pattern and to flicker can be tilted either way in retinal or visual pathway disease adds pathophysiological support to the idea of somewhat Finally, we note that this hypothesis is consistent with retinal ischaemia as a possible causative factor in visual field loss (additional and distinct from the widely discussed causative factor of ischaemia in the disc region 1316).
Although the number of patients in this preliminary study was small our finding of 80% of patients with ocular hypertension with unbalanced pattern versus flicker sensitivities far exceeds the highest (16%-20%) percentage of patients with OHT who subsequently develop glaucomatous field defects. This can be understood in terms of our hypothesis of dendritic pathophysiology. The ganglion cells whose dendritic dysfunction causes reduced contrast sensitivity are not necessarily the cells whose death due to axonal pathophysiology causes glaucomatous field defects.
